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Pipelines are subjected to a number of different sources of stress. 
The principal in-service stress component is due to line pressure, with 
operating stresses commonly about 60% of the yield strength. Pipelines 
may also be subjected to considerable bending stresses, particularly when 
constructed on unstable terrain such as permafrost. Residual stresses 
may also be present, generally resulting from processing or welding, but 
more seriously as a consequence of mechanical damage. Anomalously high 
stress levels, whether residual or applied, may lead to pipeline failure; 
as a result serious efforts are being made to develop on-line stress 
detection methods. It is well established that stress is a major factor 
affecting magnetic properties of ferromagnetic materials, however the 
effects are complex and have only recently begun to be understood [1,2]. 
Because of the strong influence of stress on magnetic properties, 
magnetic NDE techniques are being considered as potential methods for the 
detection of stress. 
The most commonly used magnetic in-line inspection method for 
pipelines is based on the magnetic flux leakage principle, in which the 
pipe wall is magnetized to near saturation. Defects in the wall cause 
anomalies in the flux distribution which are detected by Hall probes or 
induction coils. This method is particularly sensitive to "metal-loss" 
defects such as corrosion or pitting. It is not generally considered to 
be a technique for anomalous stress detection, although stress has been 
shown to have a strong influence on flux leakage signals [3]. Magnetic 
methods believed to have a greater potential for stress detection are 
based on Barkhausen noise since stress influences domain distribution as 
well as the number of domain wall pinning sites [4,5]. 
EXPERIMENTAL DETAILS 
Magnetic Flux Leakage Detection 
Magnetic flux leakage detection employed the static field mapping 
apparatus illustrated in Fig. 1. As shown here, the field is generated 
in the pipe by a pair of stationary ferrite magnets. The flux density at 
the pipe surface is measured by a Hall probe mounted on the arm of an X-Y 
plotter which is driven by a P.C. This arrangement enabled a flux 
density map to be produced for a desired section of pipe. 
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Fig.1 Static Field Mapping Apparatus 
Barkhausen Noise Measurement 
The experimental arrangement for the generation and monitoring of 
Magnetic Barkhausen Noise (MBN) is given elsewhere [6]. The excitation 
field was generated using a coil wound around a C-shaped ferrite core. A 
magnetizing frequency of 10 Hz was used with a B field sweep amplitude of 
± 0.2 T, corresponding to an H field sweep of approximately 1600 Aim. 
MBN was monitored by a pickup coil mounted between the pole pieces of the 
excitation magnet; the signal from the coil being fed through a 
pre-amplifier and band pass filter (3-200 kHz) to a Computerscope. The 
Computerscope is used to analyze the recorded raw data; to calculate rms 
voltage, power spectral density and to perform pulse height analysis. 
The output of the Computerscope is given to a digital plotter. 
Experimental Pipe Stressing Device 
The apparatus for applying stress and measuring MBN is given in 
reference 7. In this apparatus, one edge of the pipe can be moved either 
toward or away from the other fixed edge by means of two adjustable 
clamps. Inward movement of the clamps placed the surface of the pipe in 
tension whilst adjustment in the opposite sense created a compressive 
stress at the surface. Calibration using strain gauges indicated that 
the highest surface stress obtained in both tension and compression was 
150 MPa; well within the elastic range of the material. Because of the 
nature of the stressing device, the stress could be applied only in the 
circumferential direction. For BN measurements, the sweep field was 
applied in the stress direction (i.e. circumferentially). 
Field Samples 
The field samples in this study were actual pipeline sections which 
had generated anomalously high leakage flux signals during pipeline 
pigging operations. These sections were subsequently removed and found 
to contain varying degrees of mechanical damage. The first sample was a 
section from a 1016 mm (40") diameter pipeline containing a 
circumferentially oriented dent. This dent covered an area of 
approximately 100 cm2 and had a maximum depth of 2 mm. The damage was 
apparently produced by a supporting sling. 
The second sample was a section of 305 mm (12") diameter pipe which 
contained five clearly identifiable dents, all of essentially the same 
form but of different depths. These were labelled, in order of 
increasing severity, as spots 1 to 5. The most severe, spot 5, also 
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contained a crack at its deepest point. Near the spot 5, there was a 
circular cut out in the pipe. The surface area covered by the dent and 
the dent depth are listed in Table 1. 
Table 1 
Area and depth of the dents in 305 mm and 1016 mm pipe sections 
Sample Area (cm2 ) Depth (em) 
305 mm pipe: 
Damaged spot 1 31 0.01 
Damaged spot 2 40 0.20 
Damaged spot 3 72 0.70 
Damaged spot 4 66 1. 50 
Damaged spot 5 44 1. 10 
(crack and cut out) 
1016 mm pipe: 
Damaged spot 44 0.20 
RESULTS AND DISCUSSION 
Flux Leakage Mapping - Field Samples 
The flux leakage mapping technique was used for the 1016 mm sling 
marked pipe as well as for the 305 mm pipe. Fig. 2(a) illustrates the 
flux leakage in an undamaged region of the 1016 mm pipe. As can be seen, 
the surface representing the flux density is smooth and continuous; the 
decrease with increasing axial distance is due to the probe moving 
further from the magnet pole piece. Fig. 2(b) is a similar map, this 
time of a region which included the sling mark. The discontinuity in the 
map surface corresponding to the dent is clearly evident here. 
The flux leakage mapping technique was also applied to all five 
dents on the 305 mm pipe. Fig. 3(a), (b) and (c) are the anomalous flux 
maps corresponding to damaged spots 2, 4 and 5 respectively. The 
anomalous flux maps were obtained by subtracting the flux map of the 
damaged region from the undamaged region flux map. The extent of the 
(a) Undamaged spot (b) Damaged spot 
Fig.2 Flux maps of the undamaged and damaged spots on a 1016 mm diameter 
pipe section 
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(a) Damaged spot 2 (b) Damaged spot 4 
Fig.3(a), (b) Anomalous flux maps for damaged spots 2 and 4 on 305 mm 
diameter pipe section 
(c) Damaged spot 5 
Fig.3(c) Anomalous flux map for Fig.4 
damaged spot 5 on 305 mm 
diameter pipe section 
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anomalous flux clearly increases with damage severity in this pipe, with 
a very pronounced signal evident in the vicinity of the crack in spot 5, 
Fig. 3(c). 
Barkhausen Noise Measurements - Pipe Stressing Apparatus 
Prior to examination of the field samples, the experimental 
stressing apparatus was utilized in order to determine the MBN response 
to simple applied elastic stress states. Initially, experiments were 
conducted to determine the influence of the excitation field orientation 
on MBN generation. Figure 4 shows the rms signal voltage changes as a 
function of excitation field orientation at zero stress. A significant 
degree of magnetic anisotropy is noted, probably the result of 
crystallographic texture and/or the influence of prior processing 
variables. Additional work [7] involving studies of stress and 
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orientation found that the MBN signal was most responsive to changes in 
the stress when the excitation field was oriented parallel to the applied 
stress axis. 
Fig. 5 is a graph of the signal frequency versus power density for 
applied tensile stresses of 0, 64, and 145 MPa and compressive stresses 
of 70, 150 MPa (all well within the elastic stress range of this 
material), indicating a very clear increase in power density with applied 
tensile stress. Pulse height analysis, although not shown, indicated a 
pulse height shift towards higher amplitude with increasing applied 
tension. These results suggest that as tension is applied a larger number 
of domain walls respond to the magnetic excitation field, and that the 
jumps that they make are generally over larger distances. Conversely, 
applied compression leads to a diminished MBN signal at all frequencies, 
in addition to a shift in the pulse height distribution towards lower 
amplitude. These results are summarized in Fig. 6, which is a graph of 
applied stress versus the rms MBN signal voltage. Fig.6 indicates that 
in ideal cases MBN can be a very sensitive indicator of the presence of 
relatively simple elastic stresses in steel pipe. 
Barkhausen Noise Measurements- 1016 mm Sling-Marked Pipe Sample 
Barkhausen noise measurements were made on the inside and outside of 
the pipe wall, both in the circumferential and axial excitation field 
orientations. Figure 7 (a) shows the power density spectrum for the case 
of the axially oriented excitation field, whereas 7 (b) represents the 
data when the field is circumferentially oriented. The results show that 
on the inside of the pipe wall, there is a downward shift in the power 
spectrum of the MBN signals in the vicinity of the sling mark when the 
axial excitation field is applied which would indicate that the inner 
surface of the damaged region is in compression. Upon application of the 
circumferential sweep field, however, there appears to be no change in 
the power density spectrum of the MBN signal in the undamaged and damaged 
regions. The results for the outer surface show an opposite trend; there 
is little or no change in the spectrum from the damaged to the undamaged 
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Fig.5 Power density spectra (power density in arbitrary units versus 
frequency) of BN in the pipe under stress (a) 0 MPa, (b) 64 MPa, 
(c) 145 MPa, (d) -70 MPa, (e) -150 MPa. 
Fig.6 Variation of rms MBN voltage as a function of stress in the pipe 
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region when an axially oriented field is applied, however there is a 
definite increase in the spectrum for the damaged region under the 
influence of a circumferential sweep field. This would suggest that the 
external sling marked region is in a state of tension. The indication 
that the outside surface is in tension and the inside in compression is 
further reinforced by the rms MBN signal voltage values shown in Table 2. 
This result is consistent with the expected stress state in the vicinity 
of the sling mark; during the actual deformation process the inside pipe 
surface will be in a state of tension, and the outside under compression. 
When the load was released, however, much of the elastic stress would 
have recovered, with the dent moving outward slightly. This recovery 
process is expected to leave the pipe surface in the sling marked region 
with a stress which is opposite in sense to that which caused the 
deformation, i.e. the inside surface will retain a slight residual 
compressive stress and the outside wall a tensile stress, which is 
consistent with the MBN result in this sample. 
Barkhausen Noise Measurements - 306 mm Pipe Section 
Barkhausen noise measurements, again using both axially and 
circumferentially oriented excitation fields, were made both on the 
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Fig.7 Power density spectrum for inside (i) and outside (o) surfaces of 
the undamaged (u) and damaged (d) regions of 1016 mm diameter pipe 
section for axial and circumferential sweep field directions. 
Table 2 
rms BN voltage in different regions of 305 mm and 1016 mm pipe section 
Inside Outside 
Sample Axial Circum Axial Circum 
sweep sweep sweep sweep 
rms Barkhausen Noise voltage (mV) 
305 mm pipe: 
Undamaged spot 127 < 190 113 > 89 
Damaged spot 1 119 
"' 
127 193 > 112 
Damaged spot 2 163 
"' 
147 172 > 92 
Damaged spot 3 206 
"' 
203 91 
"' 
80 
Damaged spot 4 101 < 200 115 < 143 
1016 mm pipe: 
Undamaged spot 90 
"' 
99 179 > 122 
Damaged spot 73 < 91 212 > 148 
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inside and the outside of the pipe section. Figs. 8(a) and (b) 
illustrate the power density spectra for the inside wall measurements. 
Unlike the case of the sling-marked pipe, the results do not appear to 
follow a pattern consistent with the extent of mechanical damage in the 
material. For example, according to Fig. 8(a), when the axial sweep 
field is applied, the damaged spot 3 produces the highest signal. The 
most heavily damaged region, spot 4, produces a signal lower than the 
undamaged region. In the case when the circumferential sweep field is 
applied (Fig. 8(b)), the undamaged region exhibits the highest signal 
whereas region 1 (which should be the region most similar to undamaged 
area) produces the lowest signal. The most heavily damaged region 4 
produces a signal only slightly less than the undamaged region signal. 
No apparent correlation between the signal strength and the extent of 
damage was observed. Figs. 9(a) and 9(b), showing MBN data taken from 
the outside wall of the pipe, reflect a similar lack of conformity. The 
rms MBN signal voltage is listed in Table 2 for the undamaged and damaged 
areas of the 306 mm pipe. 
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Fig.S Power density spectra of BN in different regions of 306 mm pipe 
inside surface with axial and circumferential sweep fields; 
(0) undamaged spot, (1) damaged spot 1, (2) damaged spot 2, 
(3) damaged spot 3, (4) damaged spot 4. 
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Fig.9 Power density spectra of BN in different regions of 306 mm pipe 
outside surface with axial and circumferential sweep fields 
(labelling scheme as in Fig.8) 
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The lack of a consistent data pattern using the MBN based technique 
probably lies in the complexity of the stress state resulting from the 
nature of the mechanical damage in the 306 mm pipe. In the case of the 
sling-marked pipe, the material has essentially been placed in a bending 
mode, with the sling mark lying along the pipe circumference. This case 
is likely to produce a simpler stress state than that of the 306 mm pipe, 
where the dents lie diagonally in relation to the pipe axis and have a 
gouge-like appearance as if produced by a bluntly pointed object (for 
example, the tooth of a backhoe). 
CONCLUSIONS 
Flux leakage signals are consistent with the extent of mechanical 
damage. Barkhausen noise increases with tension and decreases with 
compression in the elastic range. Anisotropy in the pipe section 
influences the BN signal. Barkhausen noise does not appear to be 
correlated with the extent of mechanical damage for the case of more 
complex stress states involving combinations of multi-directional elastic 
and plastic stresses. Though flux leakage techniques can be used for 
mechanical damage monitoring, further studies on Barkhausen noise are 
essential for its use in detection of mechanical damage in pipelines. 
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